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(54) Aromatic ymyl-conjugated diene block copolymer and production process thereof 



(57) Disctoced horein are an aromatic vinyl-conju- 
yal'id diono block copolymer composed of a bound ar • 
OfTjatic vinyl unit and a bound conjugated diene unfl and 
containing at least a block aromatic vinyl segment, 
wherein: 

{ 1 ) a content of the bound aromatic vinyl unit in the 
block copol>'mcr is 5 to 50 wt.%: 
(2) a molecular weight (A-Mpi corresponding to a 
peak in a rnoiocu'ar weight distribution cur\'e of the 
block aromatic vinyl segment (A/ as delcmiined by 
gel permeation chromatogiaphy (GPC) is 60.000 to 



300.000: 

(3) a proportion of btock aromatic vinyl segment por- 
tions having a molecular weight at rrx>st a thirst of 
ihe mokcclar weight (A-Mp) corresponding to -he 
peak in Iho n^olecular weight distribution curve of 
the fclojk aromatic vinyl segment (A) by GPC is 30 
to 90 .nol% based on the total content ci the block 
afor^atic vinyl segment (A): and 
ii'4) a molecular weight (Mp) corresponding to a 
poak in h nriolecular weight distribution cun^e of the 
Olock copolymer as determined by GPC is 10.000 
to 1 .COO. 000. a production process thereof, a resin 
composition comprising the bJcck copolymer, and a 
preparation process of the resin composition. 
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Ooscrlption 

FIELD OK THE INVENTION 

5 The prcson- invention icUilos !o an aromalic vrnvl conuciUcd cJionc bicjck cc.pclymor which has oxcollcnt bale- 

lorminp ptopsrty .--ind can provide a rcsi'' corr.pos tion h;.vina excellent irnp;icl resistance withoft impairing the trans- 
parency ol us rcsir. corT!»onont when Iho bioc^^ copoiynncr r. used as an olar.tic pclyrtior componeni lor hiph-impaci 
rusio and ^ ptoducl.on process llicroot The oroscnt invcn;.on aloo rolalcs to a los-n -modify mq agent comprising the 
aromatic vinyl con,.-Q..ted dienc block ccpoVmcr a.i an acfvc .ngrodicn! a losin composition comprising =uch a moo- 

:o ilying agc'it and a prcpa.-atwn process ot Jtio rosm composition 

BACKGROUND OF THE INVEMTION 

Hiah-mpar- poly(arcmai.c v.nyl) resins such as h.gh-impact polyslyreno (HIPS) an-J ABS rosins (acrytomtrilo- 
f-s butadienc-^;vrcne rcsinsi a,e polymer a'loys generally obtair^ed by tMcoding or gracing an olastr. Dolymor such as a 
con.uo=»lort diene coooiymor with or on a poly;arorr.at.c viny!> rosin to improve Iho impact rosislanco ot tho poly(aromaWc 
vinyl) iosin Sucn a polymc=r .',1'oy has a sl.uciuro that tho dasiic polymer rs fit^cly dispersed in a matrix ot tho poly 
(arcnatic vinyl) rosin, which is nqid and br.lilo in iisoil. and is rigid and excellent in impact resistance. 

Hiqh..mpac: poly(aromatic vmyl) res ns obta.r.ed by usng an aroma'c v.ny.-conjugatod dieno block copolyrner as 
:o an elastic polymer have heretolore beer, Known. The h.gh-impact po!yiaron-.«t« viny.) rosins aro gcnarally produced 
by po.ymc,iz.ng an aromatic vmyl mono^ lo. a -nix-.ure o' the a-omatK: vnyl monomer 

Iymor>/ab!e with tho aromatic vmyl m: • :>,-ner ^ho presence ot an aromavc vinyt^on.ugated d-one ^^^J,^'=>^J^J^ 
L polymer,^at.on processes thcrorM. are us-.d bulk polymon.ation. solution ooVmenration. bulk-suspension polym- 

« ""nrocon';i';rsMhe h.gh imcact po.y.aromaticviny,) rosins have boon widely used as housing ^-'-'^ 
appiancossuchastolovisfonsandaircondmonors With thoprogrossotsi/o^nlarging and wc-ght-roduc.^^^^ 

fn those housing materials, there is a strong demand .or mr.;er.als having tho ability to form a wall. It is thus des.red 
th-<t tho high impBCl polyiaromatic vinyl) rosms be sUll moro improved in impact resistance 

In or«t tormpr^o Iho impact rosiM^^oce ol tho high-impnct poly(aroma,K: v.nyl) 'o--^ P-P^''^'- -^^^ 

herJrolo e been rrj-de For examp-o. Japanosp Patent Application La.dOpen No 185509/1990 d-.-!o.es ame.hod 
in Which an aromatic v.nyl-conjugated d.ene btock copolymer havir,, a tow v^yl bond content .n a <=o;i"Sf^^^'2 
Le^^tfsusedasanelastK:poVmcrcomponenl Hov^evor. this method .s yet .nsurf«:.ent.n improving o«ect on impact 

'"Tn aSition. .his aromatic vinyl-conjuqa.od d.ene block ccvolymer involves a problem of poor P;;^^;;^ 
3< upon orocucticn Tho bale originaliv moans a product obtained by drying raw robber in the lorm of sheet, stacking and 
S r " 'ng sS's into aoou, so'cm cubes and dusting the ou.s.des .hereof s. as not to sik:k to each other, and .s a orm 
of p^oduc, ... d lor tong in natural rubber Synthetic rubber also ,s often formedinlo a pressed product by . 
mold% the rosuHant synthe-ic rubber alter a poVmer.zalion stop The pressed product is required to be ''"^'V '^rr^ed 
^nd no? to easily got out of shape upon handing In the case ol synthetic .ubbor poor in ba^-forrr.ing P^op^^^-^ '^ 
.o ™^,f ^!o obtain a pressed product by compression mold^aa or the resulting pressed product ,s taken in rubber 
pXs S r bb ng L surface o? t.c pressed product with lingers or easily go, oo, of shape by ^-ntegra..ng . w^^^^ 
^n!;;. Accoidingiy rubber is required to have excellent bale-forming property trcm tho viewpoints of productivity, form 

de! -mp.ovo'.he -mpac, resistance. H has also been known to .ncre.se the molecular weight of an aromatic 
. I,.., ' onli-^od o one block copolymer However, the aromatic vr^yl-conjugatod diene b>ock copolymer obtained by 
I-,,-' rnoiiod ipvoivs a problem ol poor bale-forming property upon production. 

j; F ,^ .nt .Application Und-Dpon No 74209.-1 959 discloses an aromat« v.nyl-conjuga.eo d.ene block co- 

oo'u.-J T.v.;,c '. a .nol.c Jia- weiuM i A-Mp) co.respo,-,din« to a peak in a rrolecular weight distribution curve of a block 
po,>,.... . .M..C.. ^ - ^.:.,.„,.,„,„ fy eel per-rieation ch,urn,.,o9,aphy (GPC) is Iro.-" 30.000 to 75.000 and a 

.- -. ;cg::.on, po;i.o.rs .....g a mo.ccu.ar weigh, a, most a mird o. ,ho mo-ccu.ar weight 

■ - MO ) X„c.; ;r,d nq .o -he peak in tne mo.ecu.a- weigh, dis.'.bu.ion curve o. the block aromatic vmy. segmon (A is 

-^S c : t'o c-ocumen, dc=cr,b== the ,-.rom.-.ic vinyl-conjugated d.ene block copolymer as being excoller,. ir^ 

b^ll lo-r„n.- prop-,y However, the .ucmctic viryl cor>:uc.-,tod diono block copolymer has involved a problem that 
t^v'r'^ho bi^rrc^oVnor is used as an elas.ic polymer .-r-mpon...,, lor h.gh-impac, polyfaroma.K: v.r,y.) res.n. the. 
iranspa.c^cy ol t!ic ros.n cc.mponent is impai'Cd 
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OBJECTS AND SUMMARY OF THE INVENTION 

n IS fin object Of the prosont invcnlion to provide an Hronrvilic vinyl-coniu^filod dicnc block copolymer which has 
cxcollcnl balo-forrr.ing property and Cfin pros^lde rj rosin con^)posilion having oxcoHont irr.parl rosislanco wlhoul im- 
pairing the iransoarcncv of its rostn compononl when the block copolymer is used as an olaslic polymer compononl 
lor high-impact rosm. anu a production process Ihoroof. 

Another object of the present invention is to provide a resin -modifying agent which can fully improve the impact 
rosisUinrro d a high impact rosin without inpairing ifio transparency of tho rosin whon the agent is used as an clastic 
polymer component for the high-impact rosm. a resin composition well balanced bclvvcon impact roststanco and trans- 
parency and a preparation process o.* i^^c 'i:sin composition. 

Tho present inventors have carried out an oxlonsive investigation with a view toward solving tho above-described 
problems involved in the prior art As a result, it hps boon founr* that the above objects can be achieved by an aromatic 
vinyl-corijugatod dionc block copolymer which nas a specific content of a bound aromatic vinyl unit, is high in molecular 
weight (A-Mp) corresponding to a peak (hereinafter referred to as "peak top molecular wcighf) in a molecular weight 
distribution curvo of a block firomfAic vinyl segment (A) and high in proportion of block aromatic vtriyi segment portions 
having a moloct;lar weight at most a third ol the peak lop molecular weight (A-Mp) of the block aromatic vinyl segment 
(A), and has a molecular wcrght within a specific range. 

Tho aromatic vinyl-conjugatoddione block copolymer according to the present invention has oxcolleni bale-forming 
property and can provide a resin composition well balanced between impact resistance and transparency when the 
block copolymer is contained as an elastic polymer compononl in a thermoplastic resin such as a poly(aromalic vinyl) 
rosin. Tho aromatk: vinyl-conjugatcd dienc block copolymer according to the present invention car. be proJuced with 
ease by a process for producing an aromatic vinyl-conjugatcd dione block copolymer by copolymon/ing an aromatic 
vinyl monomer and a conjugated dicnc monomer using an active organometaMic compound as an initiator in a hydro- 
carbon solvent, which comprises the steps of polymerizing a mixture composed of the aromtitic vinyl monomer and 
tie conjugated dicnc monomor and polymerizing ihc arcmalic vinyl monomer Tho above -described rosin composition 
can also bo obtan-.^d with ease by radical-polymorizin/; an aromatic vinyl monomor or a rnixluro of tho aromatic v«nyl 
monomor and anolhor monomor copolymori/ablo with tho aromatic vinyl monomor in tho presence of tho ar^jmatlc 
vinyl-ccnjugatod ciono block copolymer 

Tho prosont invention has boon led to completion on tho basis of Ihoso Endings 
According to Ih© present invention, there aro thus provided the following - 

1. An aromatic vinyl-conjugated dienc block copolymer composed of a bound aromatic vtnyt unit and a bound 
conjugated dicno unit and containing at least a block aromatic vinyl segment, wherein: 

(1 } a content of the bound aromatic vinyl unit in the block copolymer is 5 to 60 wt.%: 

(2) a peak top molecular weight (A-Mp) m a molecular weight distribution curve of the block aromatic vinyl 
segment (A) as determined by get permeation chromatography (GPC) is 60.000 to 300,000: 

(3) a proportion of block aromatic vinyl segment portions having a molecular weight at most a third of tho peak 
lop molecular weight (A-Mp) .n the molecular weight distribution curve of tho block aromatic vinyl segmenl (A) 
by GPC IS 30 to 90 mol% based on tho total content of the block aromatic vinyl segment (A): and 

(4) a peak top nnolocufar weight (Mp) in a molecular weight dislribulion curve of the block copolymer as do- 
torrnincd by GPC is 10.000 to 1 000,000. 

? A process lor producing an aromatic vmyl-conjugatod dieno block copolymer by copofymorizing an aromatic 

Vinyl nrionomcr ard h conji'yatcd dicno monomor using an active organometallic compound as an initiator in a 
hydrocarbon solvent, which comprises the steps of polymerizing a mixture composed of the aromatic vinyl mon- 
omer and the conjugated dionc monomor and polymerizing the aromatic vinyl monomer. 

3 A reyin-modifyrig >jgonl comprising Ifie above-described aromatic vinyl -con jugaled diene block copolymer as 
an Hclivtf ingiodiont 

4 A rc5in composition comprising a resin component and a rubber component, wherein Iho rubber component 
conia ns the abovc-dcscribcd aromahc viiiyl-con)ugatcd dicno block copolymer. 

5 A process icr prcpiiring a rcsm composiiion by radical polymcri/ing an nromntic vinyl monomor or a mixture of 
the arorratic vinyl monomor and another monomer copo!ymcrizablc with the aromatic vinyl monomor in tho pros- 
on.^o of n ' oL' •':r cornponont. wh:ch comprises using, as tho rubber component, a rubber component containing ' 
thij atic .o-coscfibod aromfiltc viny! cnnjugalod diono block copolymer 
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DERAILED DESCRIPTION OF THE INVENTION 
Aromatic vinyl-contugHtod dicno b'ock copctymof 

5 Tho aromntic v.nyl-conuaalcd dicno block copolymof accord.ng !o l^o present invonlion rs a block copolymer 

composed o! a bound aromatic vmyl jni! and a bound coniupalod d'ono unit and conla.n.ng at least a block nromalic 
Vinyl soqmcnt. The block copolymer can be obJaincd by copolymcn/inq an aromalic v.nyi monomer and a coniunatcd 

diono monomer . , 

No parl,ciiU.r limitation is imoosedon Iho aromal.c vinyl mooomor As cx^rrplcs thcroo!. m;.y be Dcnl,onod styrono. 
^0 «.mothylslyreno, 2-mcihylsIyrcno. J-molhylstyrono, .-mcthylstyrono. 2.4.cii5op.opyls.yfcno. 2.4-d.mothy!styronc. 4-t.. 

bolvlstyrono 5-l-butyl-2-motsylsty.cnQ. monoc^lorcstyrcno. dichlorostyrcno andmononuorostyrcnc. Ot those, s'.yrono 
■ . is protcffOd/Thosc aromatic vinyl monomers nay be uc.cd cither smgly or ,n any combination thoroo^ , .-h«„o 
NO pa.t«:ular l.m.tatior. is imposed on tho conj.gH.cd d.ono monomer, and ox^mplcs therool include 1 •3-b"';='«"^°^ 
2-mcthyM 3.bulad.cnc (.c. isopronc). 2.S-d.moihy.-l .3-buU.dicnc 2-chtoro-1 .3-buladicnc ond [-^ Pf '^^"^^^ J' 
ihrso 1 3-butad.ono and 2-mothyM .3-butadiono are preferred. w:th 1 .3-butad.enc bo.nq part.cularV protorrcd. These 
coniuoalod dicno monomers may be used c.thoi .<=inqly or in any combination thoroot. 

W«h rosTecMo proportions o. the inciiv.dual components ,n the ..romatic vinyKon.uga.cd dieno '''ocj^ copoly-or 
accorcJngTo Iho present invention tho content ot the bcond aromatic vny. unit -s with.n a ran«e offrom 5 to 60 wt %^ 
S2 I°<U io to 55 wl % more preferably Horn 20 to 50 ^« "a. most p'elorably from 25 to 50 v/t %. white tho 
cTmont o^ thT^ound conjuqated d.ene un.t is wiUin a range o. .rom 40 to 95 wt.%. prc.crably Irom 45 to 90 wt.% more 
pretrabt Oom SO to 30 wr%. mcs, p.e.ercbly Horn 50 ,o 75 .'..%. I. the coi.tcn. of the bound a,oma..C vny. un. in 
mTa omalic l7nvl-cor,uQatcd dicoe btocK copolymer is too low. the transparency ot a resm composrtK>n containing 
och a So^K cZ-y-T is ^eter.o^.tod t..,e prcpo.ion is too high on .ho other hand, such -^^^^-^^^^ "jj^ 
ba^,Torml?g property and ...Ic .mprovinc, ettoct on impact resistance. U is hence no. preferable .o contain the 

, ^ H.!l hiock coDolvmor «ccordinci to tho present Invention is generally at least 30 wt.%. preferably 40 to 95 
conjugated ^'^^^J^^ ^°''°Xo Z t Zlo^o. the total content of the bound aromatic vinyl unit. It is preferable that 
w..%. more P^*''''^'^^'^^^^^^ in ,ho aromatic vinyl-conjugatod dione block copolymer should 

Z Sn°r rtg:'rcrsrhTb:<^r co%.ymo! L ..co.c. b«le-.orm.ng .property and its improving effects on 

EES— -^^^ 

fA, TlSe arorSic vSySnTu^^^^^^ blocK copolymer according to the present invention is a value de,er,T,inod 
(A in the ^ potystyrcr.e by gel permeation chromatography (GPC) and .s wrth.n a range of from 

■r^O^olsSioTpre^^^^^^^^ 

K? !^.ThoT^^ Sar weight distribution cur/e of the block aromatic vinyl segment (A) is too tow. the trans- 
weight (A MP) in the molecular ^ copolymer is detonoralod. If Iho peak top molecular weight is 
r:;:?; V::::^':^^^^:^^^^ Uving Coc on .mpac reststance. Both loo tow and 

too high peak 7^ -;-;-,:SiV:;n;rs;;re:; S^on;'ha..ng a mo,e.u:ar weight at most a third of the peaK lop 
The P'^-^'^' ^' disuibution cur^.e o. tho block aromatic vinyl segment (A) In tho aro- 
molecu... wcgr. ,o the prcsen, invention is with.n a range ol from 3C to 90 

mntic viny ■con,u^..,cd ''J '^^J^^J'^^^^^^^^^ 55 to 70 mol%. based on the total content ol the block 

,„orv P-'-f Jr V he pUo^^^^ o' the blo^k aromatic vinyl segment portions having a motecubr weight 
aromatic v.nyl segment (A) It .he propo i o ^ol-cular weight distribution curve of the block aronnatic 

„, most a -.bird ol the peak top molecular ^.^^n" block c;polymer I too low. the improving effects ol such a 

vinyl segmert , A, n the .romafc vinyl ^^^^^^^'^^^^^^^^ nothing of its poor ba.c-forming property 

rhoTrr; :TSir.rp:r^^^ — — -^-^ 

^ -p-Siion i; — ;^:c=7S 

con.o..... so-.,. pre.crab.y a, most 40... more preferably at most 
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30"* moGl profcfMbly Mt most 20"o r.tnco Ih': n^proving offcc! o* such ;i block copolynor on irnpacl .'osisl-incp bocomos 
high 

The porik lop molocjl;u wciqh: (Mc) Ih-J molecular wciqhl c1istr:buhon curve ci Ibc aromattc vnys^njugfitcd 
dscnc block copolymer ^cccrdrnq to the proscn; invention ;s withrn m r^inqo of ;rom TOOOO to 1.000 000. profcr^ibly 
■5 from 50.000 'o 800 OCO. -norc orc'crably Irom 100 000 to 600 000 hs dotcrminod n terms cf polystyfono bv GPC If 
Ihc peak top molecular weight (Mp) of the fircmritic vmyi-conjuaatcd dicno shock copolynor is too low. its imp'ovinq 
ollecl on impact resistance bccorDCS poor if the peak top rroicculnr weight (Mo) .s loo h.qh on tho other hard, the 
solution viscosity of tho block copolymer becomes increased ^nd go a problon js offered from the viewpoint of a 
production procosr. of tho block copofymor 
W No particulnr lifTiil/itcon is imposed on h production process of tho arom^idc viryl-cor|UGated diere block copolymer 

according to the present invention However, as a preferable example thereof, may bo mentioned a process (or pro- 
ducing an aromatic vinytHTonjuqaled dicnc block copolymer by cGpo:ymori/.ng an aromatic vinyl monomer and a con> 
jugated dienc monomer using an active organomciall.c compound as an in tiator .n a hydrocarbon solvent v-hich com- 
prises tho stops of (a) polymoriiring a mixture composed uf the aron>alic vinyl monomer and the ccnjugritod dicnc 
IS monomer and (b) polymerizing the aromatic vinyl mcnornor 

fMo particular hmiiat.on is imposed on the hydrocarbon solvent, anr, examples ol usable solvents include aliphatic 
hvdroearbons such as butane, pentano and hcxane aicyclic hydrocarbons sucn as cyclopentano and cydohoxano- 
and aromatic hydrocarbons such as bon/cne. toluene and xylene ^hcse hydrocarbon solvents may be used either 
singly or in any combination thereof 
20 Examples of Ihc active organometatiic compound include acln/.i o'qar.omelallK: compounds which porrr.il anicnK: 

polymeii/ation. such as organic alKaVrnetal compounds, organ- alkaline earth metal compounds and organs rare 
earth metal compounds of the lanthano.d series Of those, the c. gan«: alkali mclal compounds are particularly preferred 
from the viewpoints of polymerization reactivity and economy ^ ^ 

examples of tho organic alkali metal compounds include organic monol.lhium compounds such as n butylluhium. 
« soc butyll'thium. t butyltilhium. hcxyMith.um. phcnyllithium and st.lbcrc iith.um. polytunctionaf o^ganoMhium com 
pounds such as dilithlomcthane. 1 4-d.l.tn.obutano. i 4.d.l.thio.2-9thylcyclohoxano and 1.3.5.tnhtiMoben/one: and so- 
dium naphthalene and potassium naphthalene Of these, the organo.lh.um compounds are preferred, with tho organic 
monolithium compourids bong particularly preferred ^ 1. ^ . ^ _ 

Examples of tho organic alkal.no earth metal compounds include ^-bury^rT^agnes.um bromide n-hoxyl-n^gnos.um 
30 bromide ethoxycalcium, calcum stearatc. t-butoxy strontium, elhoxybarium. isopropoxybarium. ethyl-morcaptobanum. 
t-butoxybarium. phonoxybanum. dicthyl aminobarium. barium sloarato and elhyibanum 

Examples of the organic rare earth metal compounds of tho lanthanoid series include composite catalysts com- 
posed ol noodymium versatc/triolhylaium.n..m hydride/ ethylaluminum sosquichlorido as described in Japanese Patent 

Publication No 54444/1 988. ^ • _^ , , 

These act.vs orqanomctalhc compoiincs may bo used e.lher s.ngly or -n any comb.nato.-, thoroof . Tho amount ol 
tno actwo orqanorrctalLc ccxTipound used .s su.tably selected according to a molecular weight foqu.rod of a polymer 
tormoo However .s generally w.th:n s range o( Irom 0 01 to 20 m.ll^nolos, proloraoly Irom 0.05 to 15 milMrrwIos. 
fTwro oreOrably Irom 0 1 to 10 m.liimoles per 100 g of the wnolo mcnomer used. 

In the productto., proco« according to tho present .nvonfon the aromacc vinyl monomer in a propc^wn of from 
5 to 60 wt %^"lerHb; from ,0 to 55 w. »H.rc Prof^rably from 20 to 50 wt %, '-st proforably from 25 Jo 50 wt % 
Ts copolymor.,ed v^.th the con,.qa:od d.enc i^ncmc-r m a proport«-. ol :ro.-n 40 to 95 wt %. preforabV Irom 45 to 90 
wt 'o norc p-cfora.lv f roT, 50 10 =0 mosi profcably Irom 50 to 75 wt % The step (a) of poVmor-Zirg a rnonomcr 
mivure composed c! Ihc ..rom.H(.c v,nyl monorr,cr and -.he ccn,ugated d.one monomer .5 provided in tho production 
or^oss acTc'd^^, to the present irvcnt.cn whereby .ho prcpon.on ol tho block aromatic vinyl segment portions having 
« r^lL" wc.3m° m.'^ . third Ol :ho oc.< top molecular weight (A-.VIp) m the molecular wo.gh, d.s.nbu.K^n curvo 
o. me "ocK " o^^tic viny. segment ,A, in ,ho resulting aromatic vnyKonjugatod *ono O.ocK copolymer can be in- 

^'*'T,wopr«,uuM ol -he ^-t>nv,.,u v,.-.yl ...cr^o-T.cM to the con|ug^:od .J.ono ri.or.omer.in tho monorr^or n»xU-:<^^ gonorally 
wtl-in a ,«nq... .ro-, 10 =0 .o ^0 10 ...e.c.Hbly Iro.n 20 SO to 90 20. more preferably from 30.70 io 70 oO »' 
TwCQht rJc ot |,..o.ral.c v.nyl| tc;,n,.qatod ci:cnc\ When Ihc proport on ol .^.,> aromatic vinyl monomer to h& conju- 
;"^0 . c TnonUor .n ,ho mo!,omcr mixture U»s wah.n ,h,s range, .he proportion of the block aromatic v-ny segment 
ToTJi ZZ mc.o=ul.r weigh, at most . third cl the penK top molecutar weight (A Mp) .n the molecular weight 
■^:^.L of the bio.:. n:om..t«: v:ny. segment (A, m tho resulting aron-^tk: v^yKonjugated d.onc block copo.^ 
vmor clo bo highly -Mnr-cod so that tho block copclymor can bo provided «s. a block copolymer having o.xcollont 

-~rrem:i^^^^^^^^^^ 

ol ihC hl^k H^iH. - Vinyl .cgmen: portK-,n.s hnving mo.ocnl.r wo.gh. at most a rh.rd of the poak top molecular woKsh, 
rr jpt m^^lnu^ir'wogh: d-su-but^n ccn,o ol -ho block aromatic v.ny. segment (A, required o. the resulting 
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aromatic v,nyl-con,.jgHlod d.ono block copolymer However, it is goncrallj? w.thin a rar.go of Irom 10 to 90 wt pfof- 
Pfablv Ifom 15 to 70 wt % mofo prolnrfibiy Ifom ?0 to 50 wl 

A Stop (c) ot polymer, /.nq the conjug^itnd diono monomer ,s r-ovidad prior to (ho step (3) ol polymciz.ng tho 
monomer mixture in tho production process according 'o the present .nvont.on. whoroby ihc proporfon o '"^o block 
aromatic vinyl segment portions having a molocula, weight at most a third ot the peak !op molecular weight (A-Vlp in 
the molecular weight distf.bulir curve oJ the block aromatic vinyl sogmcni (A) in tho result.r.q aromatic v.nyl<:on,uga tod 
dionc block copolymer can bo more incrossod No particular limitation is .mposed on a proportKjn ol tho con,ugatod 
dienc polymerized prior to the step o. polyrr^en^og the monomer mixture to the monorr,c.r mixture. ^on- 
crally within a ranqo ol Irorr. 20:80 to 90.10. prclerably from 40:60 to 80 20. rr.oro prelernbly f.om 50.50 to 70.30 in 
terms ol a weight ratio ol [coniugatcd dicnoW monomer mixture). A proportion of tho con,ugated diene to the mo"omcr 
m xTure lairr^Aithin this range is preferred in that the proportion ol the block aromatic vinyl segment portions having 
a iTec^a wc^ht at most a third ol tho peak top molecular weight (A-Mp) in tho molecular weigh, d.stnoution ...vo 
^iTc bl^k ar^aliJ vinyl soga.cn, ,A) in .he resulting aromatc vinyi.oniugatod dione block copolymer can bo highly 

the production process according to -he present invention, the step (b) ol polymerizing the aromatic vinyl mon- 
«mer .rneSary CmcTs the step (b) ol polymerizing tho aromatic vinyl monomer is provided, any block copolymer 
rl^l nino a Sa^ola^ se^rrient (A) having a sat.stactory peak top molecular wo.ght (A-Mp) .n tho molecular 
w"Jt SJrIburn cur^e ^^^^^^ cannot be obtained, so that the resulting block copolymer has a poor transparency- 

'"'T:^:":-^^^^^^^ °' ^°'^--''*"^ '^^ ^"^-^^'^^ vmy, monomer to all tho 

A P'°°°';'°" °' according to the peak top molecular weight (A-Mp) in the molecular weight 
monomers used m^y be I'^^^l^^ l^^^^ ^^^^.od ol the resulting aromatic v.nyKoniugated diene 

d slrj^ution curve o, the bl^^^^ P'opor.ion be oenern.^ within a range ol Irom 10:90 to 90:10. 

lZ uZ io aZZ20 more preferably (rem 30:70 to 70: 30 in te.^s ol a weigh, ratio ol (amoun, ol the aromalK: 

h«l«nro«l to o«ch Mh«r Tho "^V"!^^^^^ w„h one another .However, particularly prelerred is a process 

''^I'llul:^^^^^^^ coniugaled diena monomer. 

addrd-^rprSh^ 

diethyl ether, dioxane. ethylerie 9'^^' f^'^f '7' trimelhylamine. triethylamine. 
and diothylene 9^-- di^uty e, e^: ^..a^^^^^^ ^^^^^^^^ p,,,. 

rrsuS a^TpCXp^r ThreUs bases ly be used either singly or in any combina..n iHereo, and 

=re suitably selected wi,hin ^rr^;;^^^^;^ ^^^1^::::::^ Tadla^.ic reaCion and is generally con- 
The fjolymenzalion roaCion may bp ^'l'^^' o eferabV Irom 20 ,o 120'C. Aller completion ol the 
docted a'.a polymen.a.ion '^P^f ^^Jf^^'"? '^^^ °, ° j^^^^^^ tho art. lor example, by adding 

pclymerization reaction, a polymer •--;=^ ''^ ..^ polymerization reaction, adding an anti- 

J5 and Ihcn drying the rosidjc 
RQgin con^pcsMion 

, . . rwo*;on! invGrUion co:nprises the above -de scribed aromatic vinyl-con- 

,„,,;r;:rr 3^-: "arrr :.;;;;or »- — 

^ tr. tho nrn'^cnl invention is a corrposition compnsing a resin component and a 
rosins guanammc-os ns ^"^"y P'"'^'^''''^^ "7;^^^,^, ,yp„ thermoplastic rosins such as acrylon.tnlo- 
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rorto fcsins polystyono ros:ns. hiqh-<n)pMC? polystyronc fosins «nd moihyl mothacfyL'f'o-sryrono rosins, oloiinic thor- 
mopl>*«;!»r rnsin*; niirh rir^ polynlhylonn nnd polyprnpylono find nnrjinnorjr g plrif.tu:s such a=; polyrphr-nyi-mo nthnr). 
polynmido. polycnrbonato. pclyjicctril nnd polyoslcr Cfthcso. tho arcmHiic vtn/l lypo l^>or^nopUsllc rosins, unsalurpilcd 
polyester rcsms rir.d poly(phenyicno ether) arc preferred v/tih the riromahc v.nyl tyoc thermoplastic rossns being par- 
ticularly preferred Tfioso rcsini; may be usod etihcr sinqly or m any conr:b:;'!-Jtior. thereof 

As the rubber component, may bo used the aromatic vinyl coniuqatod fi.cno block copdvmcr according to the 
present invention alono However, a riiix^urc -jf the aromatic v.nyl con|ug;jled dtcne block copolymer according io the 
prosoni invention rind ^snc(hc^ rubber may bo used. The projXDriion of the arom.-itic vinyl <:on|uqalcd diono block co- 
polynicr accord ng to the pfesent invcnttor' in the rubber component «s suitably selected as necessary for the end 
application intended Hov.evcr. it is generally at least 30 wl "o. preferably at least 50 wt "o. more preferably at least 70 
wl.% If the conlenl of the aromatic vmyl-conjugaied dionc block copolymer according to the present invantion in the 
rubber component is too low. the balance between impact resistance and transparency of the rosufting rosin compo- 
sition becomes bad It is hence not proferabie to use such a rubber component. 

No particular limitation is imposed on another rubber, and any other rubber component routinely usod as a tough- 
ening agent for resins may be added Specific examples thereof include other aromatic vinyl-conjugated dicne fcrtock 
copolymers tnan the aromatic vinyl -conjugated d.ene block copolymers according to the present invention, low-cis- 
polybutadione rubber, high-cis polybutadicno rubber, slyrcne-buladione random copolymer rubber, polyisopreno rub- 
ber and natural rubber. 

A proportion of the above rubber component to the rosin component is suitably selected according lo Iho end 
application intended and the kind and conlenl of the aromatic vinyI<orjugaled dieno block copolymer. However, it i>; 
generally within a range of from 0.1 to 30 parts by weight, preferably from 1 to 20 parts by weight, more preferr-.bly 
from 3 to 15 parts by weight per 100 parts by weight of the resin componont. It is preferable that the proportion of the 
rubber component should fall within this range, since a resin composition well balanced between impact roaistance 
and transparency can be provided. 

No particular limitation is imposed on a prepy ration process o' the icsin composition according !o the present 
invention. For oxamplo. the preparation may bo conducted by mechanically mixing the rosin component with the rubber 
componont at least containing the above-described aromatic viny!<onjugated dieno block copolymer When the resin 
componont is an qrcmattc vinyl \ypo thornr>oplastic rosin, a process in which an aromatic vinyl monomor or a mixture 
of the aromatic vinyl monomer and another monomer copolymori/ablo thorowith is radical-polyrrorlzed in the prosonco 
of the rubber component containing the aromatic vinyt^onjugatod diene block copolymer is preferred 

Examples of the aromatic vinyl monomer include styrcne. o-methylstyreno. p-methylstyrenc. m-rtiothyf-styrono. 
2.4-dimeihyls!yrene. ethytstyrene. p-tert-buly!slyrene. a-methylstyrene. a-mcrhyl-p-molhylslyrono, o-chlorostyrcne. 
m-chlorostyronc. p-chioroslyrene. p-bromostyreno. 2-methyl-l .4-dichlorostyrene. 2 4-dibromosiyrone and vinylnaph- 
thalono. Of these styronc is preferred Those aromatic vmyl monomers may be usod oi'f lor singly or in any combination 
thereof 

Examples of another .monomer copolymon/able with the aromatic vinyl monomer include unsaturated niiriifi mon- 
omers such as acryjonitrilo r-icf>acry lonitnfe « ch-oroacrvJofy-trire f mem)acr/frc est cr monomers such as me{hyt meth- 
acrylate and methyl acrylate. unsaturalf»d fatly acid monomers such as acrylic acid, methacryfic acid and maleic an- 
hydndo: and phenylm.aloimide Of these, the unsa.jrated niinle monomers. (mGth)acrylk: ester monomers and unsatu- 
rated fatty acid monomers are preferred, with the unsaturated nitrite monomers being particularly preferred. These 
other monomofs copdlymori/able wiln the aromatic vinyl monomer may be usod either singly or in any combination 
tncfool 

A proportion o'. the aromatic vinyl monomer to another monomer copolymori/ablo with the aromatic vinyl monomer 
lo be used is suitably solectod as necessary lor the end appl'cal-on intended However, it is generally wrthin a' range 
oi liom 20 eo to 100 0. pfotcrably from 40.60 to 100 0. more preferably from 60:40 to 100:0 in terms of a weight ratio 
ol (Hroma:ic vinyl monomer) (another mcnomcr) 

An aniount of the rubocr component usod may be suitably selected as necessary for the end application intended. 
Howuvui. a IS uonirolled lo goncfaily 0 1 to 30 parts by weight. preleraDly 1 to 20 parts by weight, more preferably 3 
15 uails by wyiyH per lob part:, by wuigfii o* the njonomof(s) tormmtj lf»e resm cornoonenl. It is preferable that the 
nmouiM of the rubber component should tall within this range, since a resin composition well balanced between impact 
rcsistMncc and irarsparcncy can be provided 

No p.;.:.v: j!::f i-m.i.jticn ts imposed on the radical poJymonzaton process Examples thereof include a bulk polym- 
cfi/:iiion process a solution polymcri/ation procc-.i a ^ucpcnsion polymerization process and multi-stage poh/meri- 
/ation pro:os50s such as a Culk-suspons'.on two-stage polymon/ation process Cf those, the bulk poiymo. ization proc- 
ess and buik-suspcnsion two-stage polymeri/ation process arc particularly proferrod The bulk polymerization process 
13 prof Of ably a continuous bulk polymer;/ at ion process 

VVhor iho ^o5;.r^ ccmpo5;:iion according to the nrosonl invention is prepared by the continuous bulk pofymorizafion 
process the composition .s r^rcpa.cd. lo' example, m ricco'dfiocc w:th ihe following process The aromatic vinyl^on- 
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j.iyaloo diono blcx:k copolymer :s dissdvod in tho aromatic vinyl monomor cr a mixture of tho arcmaSic vinyl monomor 
;4nrt anolhof monomnr ropolymcri/Hb'o !hOfO\^'iih. and a cJiluont r>olvont. an inlornal liibricani swch as liqmd paraff:n or 
minoral oil. an antioxidant, a chain transfer ngcnt and (he hkc arc added to the solution as needed Thereafter, in tho 
case of r.on-calalylic polymori/ation. polymer i/alion is conducted under heat, gonorally. at 80 to 200"C. while polym- 

S crr/ation is conducted in the presence o^ a catalyst, generally at 20 to 200'C m the case of catalytic polymcri/alion 
Tho polymcri/atton is continued until tho convorston of the monomcr(s) (tho arcmalc vinyl monomor cr tho mixture of 
the aromatic vinyl monomor and another rponomer copolymer i;:abIo therewith) m'o 3 poiymor roaches 60*?o to 90% 
In ihiv cac? fl i3 proforablo to use the polymon/alion catalyst 

In general, an otqa-.c ;;i;:'OAide or a/o catalyst i*? 'jsco as the poly mo n/ a! ion catalyst Trio organic poroxido is 

10. pretorrad Examples of the organic perox;cio include peroxykctals such as M •bi5(t-butylpercxy)-cyclohexano and 
1.1 ■bis(t-butyfpefoxy)-3.3.5-tr!rr.oihyl-cycIohoxano. oialkyl porox'dCG such as di-t-butyl peroxide and 2.5-dimethyl- 
2.5-dr(l-biitylpcroxy)hcxano: diacyl peroxides such as benzoyl peroxide and m-toiuoyl peroxide: pcroxycarbonatos 
such as d.mothylsty»yl pcroxydicarbonato. poroxy esters such as t-b-jtyl pcroxytsopropy! carbonate ketone peroxides 
such as cyclohexanonc peroxide: and hydroperoxides such as p-montha hydroperoxide These polymerization cata- 

is lysts may be used either singly or in any combination thereof. A proportion ol the polymeni^atiGn catalyst used is 
generally 0.001 to 5 parts by v/oight. preferably 0 005 to 3 parts by weight, more preferably 0 01 to 1 part by weight 
per 100 pans by weight ol tho monomeris). 

Examples of the diluent solvonl include aromatic hydrocarbons such as bon/one. toluene, xylene and eihylban- 
icno: alicyclic hydrocarbons such as cyclohcxano molhylcyclohexane and cyclopontano: aliphatic hydrocarbons such 

20 as n-bulane. n-hexane and n-hcplane and Ketones such as methy' isopropyl ketone Of Ihese. the aromatic hydro- 
carbons are prof erred These diluent solvents may be used either singly or in any combination thereof. A proportion 
of tho solvent used is generally 0 to 25 wt.% based on the total weight of the mcnomcr(s) used. 

Examples of the chain transfer agent include a dinr.er of a-methylslyrenc: mercaptans such as n-dodccyl mercaptan 
andt-dodecyl mercaptan torpcnes such as 1 phenylbutene-S fluorcne and dipcnteno: and halogen compounds such 
as chloroform. 

Aftor complotion of the pofymorization process, tho rosm composition formed can bo colloclod in accordanco with 
a method known per so in the art. for oxarnplo. by removing unroaclod monomers and tho diluent solvent by sofvont 
removal by hoating undor reduced pressure, or extrusion by moans of an oxtrudor designed so as to removo volatile 
manor Tho thus-obtained rfi'j r- ccmposrtion is optionally polletizod or powdered to put to practical uso 

In the case of the bulk -suspension polymori7ation process, in general, poiymeri/atron is partially conducted in the 
same manner as in the bulk polymerization process until the conversion of tho monomer(s) in'.o a poiymor reaches 
30% to 50%. and a polymerization mixture containing tho partially polymerized polymer thus obtained is then suspended 
in water tn the presence of a suspension stabilizer such as polyvinyl alcohol or carboxymcthyl colluloso and/or a sur- 
factant such as sodium dodecyfbenzenesuifonate to complelo tho reaction. The high-impacl rosin composition thus 

J5 formed is isctatod oy a method such as separation by fillralton or centrrfugation. washed with walor and driod. and 
moreover peileti/cd or powdered as needed 

In the resin composition according to the present «nven|Jon no partk:ular limitation is 'wnposod on tho average 
particle si/o of the rubber component containing tho aromatic vinyl-conjugalod dieno block copolymer In a matrix of 
the fosin componenl. Howovcr. it is preferable that the particle size should be gonorally within a range of from O.Oi to 

40 ^o\im: preferably from 0.1 to 5 ^irr}. more preferably fronri 0.5 to 3 ^im. since tho impact rosistance-onhancing effect 
bocornos marked 

To the resm composition according to the present invention, compounding ingredients routinely used in rosin in- 
dijs-ry may bo added as needed Specific examples of compounding ingredients usable in the resin composition include 
minorcilciJ liquid parafMn. organic polysiloxano organic or inorganic tillers, stabilizers plasticizors. lubricants, uftraviolet 

-!> absol bents colorants oarting agents, antistatic agents and flamo retardants. 

Tho organic cr inorganic fillers include vaiious kinds cl powdery or fibrous fillers, and spocific examples thereof 
include snica dHtomacoous earth, alum na, titanium oxide, maqnesium oxide, pumjce powder, pumice balloon, basic 
rn^i^nJsium carbonate. d:;lo'nits. calcurn sulfate potassium utanalo. barium sulfate, calcium sulfite, talc, clay mica. 
H*>U.5st Jb yiass libuf glass fl<ikif. glass bon Js calcium silicate, montrnoitllonilo. bontonite. graphite, aluminum powder. 

so moijbdonufr. 5u.t«do boton l.bcr. silicon carbide fiber, polyethylene fiber, polypropylene fiber, polyester fiber and polya- 
mido fiaof 

Examples ol the stao-h/crs tncJude phcroiic antioxidants such as oc:adecyl'3*{3.5-di-l.butyl-4.hydroxyphonyl) pro- 
pionate i.jtr;ikis(mcthy:coc 3(3 5 di t butyl 4 hydfoxyphcnyl) propionate |m ethane, alkyi |5-{3,5.di-t-bulyl-4.hydfoxy- 
phonyliprop.on^Htos and 2 2'-oxamidobis-cthyl-3{3.5-di-t buty|.4-hyd^oxyphonyl) propionafoj: and phosphoric stabiliZ- 
55 ors suc.^i as insnonylpnenyl shosphito. lris(2.4.di-!-butybhonyl) phosphite and trs(2.4<ji.l-butylphonyt) phosphito. 

ISJC D^rticular !imilat.cc-. is imposed on the f'arr.o retardants an- ^alogen^ontaming flame retardants «:o g^-.neralfy 
M<;oi V;.f loii-^. K.nc1> of rh'orne- or hrornino-conlamin^ flame r^>tarHants m;-.y bo used as the halogen-containing flame 
rot '-i^niH H::w-vor tho bfom.no conlain.ng fl^mo retardants are preferred frofi; the viowpoinls of flamoproofmg effect. 
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hoHt rosisUincn -ipon formjoq or nr.olding dJsporsibidty in tho for>in and .nfiuonco on tho phy<;ical properties of Iho rosin 
FxHmplnr'ol thf> hrominn ccyrJ^Mmng ilPimo rotHrrlanrs mnlutin ho)(.,hiomobon/oro oont^ihromooihylbon/ono hoxab- 
rornob.phonyl. cocHbrornDdrDhcnyl. hcx^bromodiphony! oxide. a^tHbrcmcdiphcnyl oxido. dccfibromodiphonyl oxido 
pcntabronocyciohcxano. Iclrabromobisphcnol A and dorivaiiver, thereof (for example. to!rabromobisphonol A^is(hy- 
droxyothvl other), tclfabromobisphonol A-bis{2.3-dibrorr=opfopyl clhor). tolrabromobisphGnol A-b.s(bromoethyl other), 
tctrabromobisphenol A-b'S(;i((vl other), etc ]. tctrabromobisphcnol S and dcrwaiK'c thereof [for example, letrabromo- 
bisphcnol S-bis(hydroxycthyl clhcr). lelr.ibromcbisphenol S-bist2.3-dibrorTK)propv. other), etc |. tetrabromophthalic an- 
hydride and derivatives thereof \\oi example. Ictrabrorrx^phthaiimido. olhylonobiGtclrabrcmcphthaiimidc. clc.|, olfiyl- 
cnobis(5.6-dibromonorbcrncno-2.3-d»carboxyimido). lriS'(2.3-dibromopropyl-l ) isocyanurato. adducts of hoxabromo- 
cyclopontadiono by Diols-Aldcr reaction, tnbromophenyf glycidyt clhor. tnbromophoryl acryfalo. Glhylenebislri- 
bromophcnyl ether, othyloncbispenlabromophonyl ether tetradccabrompdiphenoxyber/onc. brominatod polystyrene, 
bfominalcd polyphonylenc oxtdc. brominalcd r.poxy rosins, brominalcd polycarbonate, pofypentabromobcnzyl acr- 
yiale. octabromonaphlhalcne. hcxabromocyclododecano bis(lribromophonyl)fumaramidG and N -mGlhylhoxabro- 
modiphonylamino 

In order to more cffcclively exhibit the flamcproofing off ocl of tho flame rctardant. for example, an antimonial flamo 
retardant auxiliary such as antimony trioxido. antimony ponloxide. sodium antimonato or antimony tnchlonde may bo 
used as a tlamo rela rdant auxiliary. 

These other compounding rngredtenis may bo used either singly or in any combination thereof. Tho used amount 
thereof may be suitably selected within limjis no! impeding the objects of the present invention. These compounding 
ingredients may be mechnmcally mixed either with the resin component and the rubber component, or with the resin 
composition obtained by radical-polymerizing tfie aromatic vinyl monomer or the mixture of the aromatic vinyl monomer 
and another monomo' copclymori/able with the aromatic vinyl monomer in the presence of tho rubber component 
containing tho aromatic viny!-con|ugriled dienc block copolymer. Tho mechanical mixing may bo conducted by mgans 
of any of various kinds of knonding machines such as a single- or Jwr screw extruder, a Banbury mixor. rolls and a 
knoadcr in accordance with a method known per so in the art. The mixing temperature is generally within a. range of 
from 100 lo250'C. 

ADVANTAGES OP THE INVENTION 

.30 According !o the present invenfion. there are provided aromatic vinyl-conjugated dieno block copolymers which 

have excellent bale-fc^rming property and can provide a rosin composition having excellent impact rosistance without 
impairing \He transparency of its resin component when used as an elastic polymer component for high-impact rosin, 
and a production process thereof. According to the present invention, there are also provided resin-modifying agents 
comprising tho aromatic vinyl-conjuaatod diene block ccpofymer as an active ingrodicnt. rosin compositior: comprising 

3S such a modifying agent, and a preparalic^ process of the resin compositions. Tho aromatic vinyl-conjug^ted diene 
block copolymers according to the prcosnt ^invention aro particularly useful as clastic polymer components (impact 
modifiers) for high-impact poly(aromaiic vinyl) rosins. 



2S 



40 



Ef^BODIfvlENTS OF THE INVENTION 

Tho proson: invoriion will heroi;^aftGr be described more specifically by the foHowng Preparation Examples. Ex- 
amples and Comp^fritive Examples All dosianalbns of "part* or "parts* and "^'o' as will be used in the following ex- 
arhplos mean pfiri or pvjrt -ly weight and wt."o unless expressly noted. Various properties of polymers were determined 
n accordance wi'.h tho followinq respective methods 

(1) The con:oni the bound aromaiic vin/l unii in a block copolymer sample-was determined by measuring an 
intensity al h peak of inlraroa absorpiicn wiil^i a ^hx-iny] group at a wave number of about 700 cm*' and comparing 
Ifio I'lienMly wilfi fi crilibialion cuive obtained :n advance: 

(2i Ti'o pt3^1^ tL-p moloculai woiytit (Mp) of a bl jck ccpolymer sample whs expressed by a value measured in terms 
of DOlystyrcnc by yd pormc-^^t on chromritogrfiphy {3PC) making use of Ictrahydrofuran (THF) as a solvent. 
(3) The conicni o! the block aromatic vmyl segment (A) in an aromatic vinyl-conjugaled diene block copolymer 
uriTiplc wiis dctcrmircd in accordnncc with the dccornpositicn method with osmic acid described in L. M. KolthofT 
ot ill . J Polym Sci . 1 . 429 (194S) More specifically. 0.05 g of the block copolymer wore dissolved in 10 ml of 
o.'i'bon ioir;ichlortdo To the solufion wore added 16 ml of a 70°v» aqueous solution of tort -butyl hydroporoxido and 
4 m! of a 0 0S*\ chlorofcrm solution of csmum tclr^4chlorido Tho resultant mixture was hoatod under roflox for 15 
fhinutcs -r, h bnth ho?--tod to 90*C to conduct an oxidative dot-omposition reaction After completion of the reaction. 
!hf? ronrlinn mix^.-'o vr<ir. ronlori ^nd ?00 ml of mnth.«noI were F^ddod to tho reaction mixture under stirring 

lo iirocipilato 'i i)\ock Hrom;i\'.c vinyl componml Thn pr ocipit^ilod btock H^om;^tlC vinyl component was then sepa- 
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ratGd by f.nration through a glass l.lt..r hav.ng an a.-oraqo poro sl/o of 5 ^.m Tho wo.ght of tho thns-obla.nod 
Hrom.ilrc vinyl unit rn tho aromatic vnyl-conjugntod drone blof.K copotymor 

(4) The peak top molecular weight fA-Mp) ol the block aromatic v.nyl sogmon! (A) was determined by dissoVinq 
ho block arornnnc vinyl compononi soparalc-d in iho nclhc>d (3) in THF and expressed by a value measured in 

•terms ol polyslyrcno by GPC. 

(5) The proportion of block arom.Mic vinyl .oogmont portions having » molecular y/oiqht at most a third of a peak 
lop molecular weight (A-Mp) in a molocu!;?r weight distribution curve ol Iho block aromatic vinyl scqmont (A) was 
calculatoC. out in accordance wi:h tho method for f.nd.ng an area proportion of a retention volume (horemafror 
abbreviated as "Vr-) unit, whjcii is described in Japanese Patent Application LaidOpon Mo 74209/1089 and 
expres5.ed by mol'^o. More specifically in the case of tho present invention, a weight prcporlion (Wl) p«f 5 335 ul 
of Vp >vas calculated to doterm ne a molecular weight (Ml ) in each from a correlation cun/e (calibration cL-rvo) 
rrom lh:s value, a ratio (W1/M1) of the number of moles in each VR was determined and a proportion of th^ 
number of moles in each VP, was found from (W1/M1 )/r(VV1/f^1 ). From ih.s data, the proponion of portions having 
a molecular weight at most a third of the poak top molecular weight was calculated. 

(6) Izod impact strength was determined -.n accordance with JIS^K 7110 and expressed by an index (the greater 
the numencal value, the belter tho l/od impact strength) assuming that the value of a comparative example was 
100. 

(7j The transparency is determined by measuring a transmillance of a sample in accordance with JIS K 7 105. and 
was expressed by an index (the greater the numerical value, the better Che transparency) assuming that the value 
of a comparative example was 100. 

(8) The bale-forming property of a blo-k copolymer sample was evaluated by compression -molding the block 
copolymer using a mold for compressio-i molding in the form of 20 cm x 1^0 cm x 5 cm under conditions ol clamping 
pressure: 160 kg/cm?, clamping time CO seconds, compression temperature: 60'C, and amount of sample used: 
1.500 r., and ranked by the surface condition of tho resultant pressed product in accordance with the following 
standard: 



O : Extremely firmly molded, and not taken in rubber pieces evo>i when rubbing tho surface thereof v/i!h finpors; 
O: Firmly molded but slightly shaved in the form of rubber powder when rubbing the surface thereof with 
^ fingers: 

A; Molded, but e.isily got out of shape when disintegrating ii with fingers; 
X: Not molded. 



[Example 1| (Preparalio-i example of a block copolymer; 



After a 2-kiiohter roacto? equipped with ;a stirrer, reflux condenser and jacket was washed, dried and purged with 
nitrogen. 700 kg of cyciohoxano purified and dried in advance, and 40 kg of butadiene were charged into the reactor 
After the mixture was heated to 50'C. 390 ml of a hexano solution (1 65 mmoL'ml) of n-bulyllithium were added to start 
polymori/ation (lirsl stage ol polymonzalfon) Ai tho lime a conversk^n of the monomer in tho reaction reached about 
-to 100"J>. a mixiuro of 20 kg of butadiene and 21 kg of styrene was added to polymerize them (second stage of polym- 
on/alion) At tho time a conversion of the monomer mixture in the reaction reac'hed about 100%. 19 kg of styreno were 
further added to continue the polymori/alion {third stage of polymerization). At the time a conversion of the monomer 
in the third-stage rc?;Ction reached abou; 100%. 10 mmol of isopropyl alcohol were added to terminate the polymeri- 
zation and 200 g ol a phenolic antioxidant (Irganox 1076. trade name, product of CIBA-GEIGY AG) wore then added. 
Thoreailer the solvon! was removed by steam stopping, and the residue was dried under reduced pressure to obtain 
Block Copolymer A 

With respect to the thus-obtained 3fc>ck Copolymer A. the content of the bound aromatic vinyl unit. The peak top 
molecular weight (Mp) of (tie block copolymer tfie conlcni of the block aromijlic vinyl segment (A), the peak top mo- 
locuiHf WLMuht (A-r/p) in l.hu moUjcular weigfit distribution curve of the block aromatic vinyl segment (A), tho proportion 
of block .j.'omali'- vinyl segmoni portions having a molecular weight at most a third of the peak top molecular weigh? 
(A-fVlp) in the molecular weight distribution cun/e of the block aromatic vinyl segment (A), and bale -forming property 
were determined or evaluated Tho results thcoof are shown in Table 1.- 



(Examples 2 to 5) 

Block Cop^.^ymors B to E were prcduced in accordance with the same process as in Example 1 except that the 
polymeri/Hlior ronjiiions were rof^pociivoly changed to those shown in Table 1. and the copolymers were evaluated 
in the same manner as in Fxamplo i The results thereof are shown in Table 1 
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(Comparative Example 1 ) 

Alter a 2-kilolitor roactor oauipped with a stirrer, reflux condonsor ard lackot was washed. ^""^.'^"^ P'^'j'^^;'!!'^ 
n.irogcn, 700 kg ol cyclohoxar,o punf.ed and dried in advanco. 15 mmol ol ,etrarnclhylcthylor.ed.am.r,o TMEDA)^ o . 
kg of butad.er,c and 19 kg ol styrcnc wcro charged into '.ho reactor. Alter the mocture was hoateo .o 50 - 3^ J"' °' 
a hexar-.c solut.on (1.65 mrTK>l/ml) of n-butyliithiunn wore added to start polymer.zat.on (l.rsl stage of po ymGf..at,onV 
At the tu-no a conversior, of the mor,c.nars .n the react,or, -cached about 100%. 20 kg of s'yrooo woro 'urthcr aodod 
io co^doc: polymori/Htior^ until a cor^vorsion ol the monomer .n tho reaction reached about 1 0O'J^.],^^ "^"l^ 
of isooropvl alcohol wore added to torm.nato tho poVmori/.ation. and 200 g of a phcnol.c ant.ox.dant (Irganox 1076^ 
°ade name tcducl of .QBA-GEIGY AG) wore then added. Tho solvent was then removed by steam -^-man<i 
iTo reX wafd-Sd under reduced pressure to obtain Block Copolymer P. With respect to tho thus-ob a.ned Block 
Co^Zer F the cSuen. of the bound aromatic v.nyl unit, the peak top molecular weight (Mp) of the block copolymer 
l7?rZ'<^te^^'^ aromatic vinyl .egmen, (A), the peak top molecular weigh, (A-Mp) in the -'9^ 
Sirr curve Of .he block ' 

cro^orr?irar:S;i::;r^^^^^^^^^^^ P--V 1. S.erm.ned or evaluated. The results 

thereof are shown in Table i 

[Comparative Examples 2 to 4) 
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. AHcf 160 g of Bicck Copolymer A oblRinod in Example 1 were dissolved in 1.820 p of a styrono monomer in a 
stiinlcss slool-mfido reactor cqurppod w«h a sHrring machine, a chain transfer agon? (n-dodocyl morcapian) was added 
in a proportion of 250 ppm based on the styrono monomer The resultant .xturo whs stirrod at l 30°C for 1 hour and 
20 minutes to conduct bulk oofymeri/ation. The contents wcro then taken out o? the reactor. 1.250 q of the contents 
and 3.750 q of h 2**o aqueous solution of polyvinyl alcohol wcro charged into h 8-litcr stainless slocl-mado reactor 
equipped with a stirring machine, and Iho rosullan! mixture was heated to 70'C Then. 2 5 g of benzoyl peroxide and 
1 26 gof dicumyl peroxide wore added to conduct suspension potymors/ation for 1 hour at 70'C. for 1 hour at 90'C. 
for 1 hour at 110'C and for 4 hours at 130"C. After completion of the polymeri/Hiion. the reaction mixture was cooled 
down to room temporaluro. and the resultant polystyrene rosin composition was collected by filtration, washod wilti 
water and then drtcd under reduced pressure at 60°C for 6 hours. 

The pofystyrene resin composition thus obtained was kneaded by rofis heated to 1S0*C and formed inlu a sheet. 
The sheet was cut /nto pellets by moans of a polleti/er for sheets The thus -obtained pellets wore in|0C(ion -molded by 
means of an injection molding machine. SAV-30/30 (manufactured by Yamashiro Seiki-sha K.K.: mold temperature; 
50"C: noz/le tip lomporaluro: 240'C) to produce a lest specimen, thereby evaluating the resin composition as to l/od 
impact strength and transparency. The results thereof are shown in fable 2 



fExamplos 7 to 10. and Comparative Examples 5 to Q] 
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The exporirnent was conducted m the same manner as in Example 6 except that the Block Copolymers B to I 
produced in Examples 2 to 5. and Comparative Examples 1 to 4 v/ero respectively used, thereby evaluating the resultant 
rosin compositions as to Izod impact strength and transparency In the same manner as in Example 6. The results 
thereof are shown m Fabfo 2. 

Table 2 





Example 


Comparalivc Example 




6 


7 


8 


9 


10 


5 


6 


7 


8 


Kind of polymer 


A 


B 


C 


D 


E 


F 


G 


H 


1 


Proportion (wt %) 


10 


10 


10 


10 


10 


10 


10 


10 


10 


Bale-forming property 


<D 


O 


o 


O 


O 




X 


X 


© 


l/od impact strength*'') 


104 


102 


110 


114 


102 


100 


99 


109 


157 


Transparency^'^* 


10B 


113 


112 


117 


110 1 


100 


113 


92 


63 



('1 1 rCl : Each exprcsufd by an index nssumng fhal the vaiuc of Comparative Exannple.S was 100. 



Claims 



An arom-jiic vinyl-conjugatod dienc block copolymer comprising a bound aromatic vinyl unit and a bound coQiu- 
gated dicnc unit, and containing at least a block aromatic /inyl segment (A), wherein: 



• (1 ) tho bound aromatic vinyl unit is prosont in an amount of 5 to 60 wt.% of tho block copolymer: 

(2) She block aromatic vinyl segment (A) has a molecular v/oight distribution curve having a peak corresponding 
to H molorul^sr woight (A-Mp) of 80.000 to 300.000. as dotorminod by gol permeation chromatography (GPC); 
(H) lo PO mol of the loi^l block aromal:c vinyl segment (A) has a moioccjlar woight of at most a third of 
ttie molecular weight {A-f/pj corresponding to tho peak in the molecular woight distribution curve of the block 
aromatic viny! segment ,A) and 
5^ <4.) the. block copolymer has a molecular v/eight distribution curve having a peak corresponding to a molecular 

woiqht (Ml)) of 10 000 :o 1.000.000. as determined by GPC. 

An arom.Hiic vinyi-conjugatcd d»ono block copolymer according to claim 1. wheroin tho amount of bound aromatic 
vmyl unit in the block copolymer 's 25 to 50 wl.% 

An arDfTiHlic vinyl -conjugalod dionc bloc:k copolymer according to cl -im 1 or claim P.. wherein tho amount of tho 
block aromatic viryl segment - A) is 40 to 95 wt % based on the toln! conlenl of the bound aromatic vinyl unit. 



2. 



3. 
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S. An .uofTUiiic vnyl conjuqalod d.cno block coooi/mo. <,ncof(3.nq lo <,ny nroc .d.rr c(-.,m » 

CO,,.. ,.e oo„,o^,„, c„„o on,, . „ ™a, 30.... e<^;r:iir;'a~:;;';,;„r3>:X- 

7. An ^irnnwiic viny|.con,ug?itod d.ono block copolymer accordinq lo .-nv orocrH.nr, k 

" •"" '''°''»n"9"lM™"o™>'nn()(bl|)ol,m(irr/ingm,,i,,o.ra|ic,m,,monomoi "i": vinyi monomor 

" !'nZ'^r:,^T"""^ '° ^ °' ^ "° ^'-^vr monomer to the coniugaled 

monomcrin ihomonomormixluro is^om lOSOtoPO lOby woighl. " mc conjugaico 

or Ihi? tofnl monomers uscid in Iho process w i« =^ wi . o 

1"'??!'' ^'^'^'"^'"g '° any of Claims B lo 13. wherein Iho ral.c of Iho aromatic v^yl moriomor in tho mixture in 
Slop (a) to the aromatic vinyl nonomor in stop (b) is from 10.90 to 90.10 by weight. 

" aVS:;:r;r;;o?r4°7':;'r' " ^" ^"""^ ^^^-'"'^ vinw^on^ugate. cfior^o b,oc. copolymer 

16. A losin composil-on comprising a rcsin componeol and a rubber component, wherein the rt;bbor component com- 
p.ises .-,n aroir^lic vnyl-conjugHtod dieno block copolymer as defined in nny o( claims 1 lo 7 '""^ 

17. A ,es,n corr.pos.lon according ,o c.;^-m 15 whorein ,ho res-n componon. is an aromatic vinyt-iypo Ihornicplasfc 

18. A .c^.M <.o.,.po.,t.o<, ac.o,U,r.« to claim 15 o, ^la.rn 17 wf.erein Iho rubbu, compoMent -s pieseni in « propoilion 
oO 1 lo 30 p^ is by weight per 100 parts by weight ol the rosin component, H o . n ^ propoilion 

19. A p,o:cs= lor prop.-.nng ro.in corrpo^.tion by r=id.ca! polymeri/ing an aromnlic vi.,yl mono,T,or. or n mixlure of 
..n ..,o^.„,c v-nyl moicmcr and ;;no-her monomer copolymen/ablc w:lh tho aromatic vinyl monomer in the pre- 
on.-e rubber corrpononl whore.n Iho rubber compononi comprises an aromal:c v.nyKonjugalod dieno block 
cosolytTior JIG dolrnod in any ol claims Mo / ' i y"'"" aiono oiock 

20. Ap,.w:os,.rcord,n.,,ori;.n-. ,P .vh.ro.n 100 p;.„s hy wo,,h. ol.ho .romal.r: v.ny. mc^omo, or , he mixture of tho 
...onMl-r: vinyl mr-ooa.o- and >,„oihcr mr,nomor r:o.-,olym.-„./>,ble ,-....1, ihn aromatic vinyl monomer, are rad.cal- 
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